Ionizing radiation failure thresholds were measured across a silicon wafer using 10 KeY x-rays to determine the success of hardened process modifications and to examine wafper level hardness assurance screening techniques. Topological wafer maps of the total dose failure response for Signetics 74F00 circuits are presented.
Introduction
A study was initiated to map the ionizing radiation failure threshold distributions across a silicon wafer and 'determine process modifications required to increase the'total dose hardness of a recessed field oxide technology.
To accomplish that, (a) Signetics 74F00 wafers were exposed to 10 KeV x-rays using an Aracor wafer probing station, (b) several channel stop doping' variations' were evaluated for hardness improvement, and (c) topological variations in total dose hardness were mapped using graphics software.
Background
When advanced commercial bipolar technologies adopted recessed field oxides for speed improvement, serious total 'dose radiation problems resulted.
Devices utilizing these field oxides were found to exhibit total dose failure thresholds of less than 10 KROds(Si) compared to the traditional megarad hard, junction isolated devices-of the 1970's [1] For a given device type, total dose failure thresholds were observed as low as [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] KRads(Si) and as high as 1 MRad(Si), depending on variables such as the vendor, process, or layout design. The first-order failure mode, observed in circuits exposed to ionizing radiation, was characterized by large incr6ases in leakage current on device input pins.
For a system designer using off-the-shelf devices, the need for more reliable screening techniques is evident. Bpor Test data was uploaded from the Eagle tester into a VAX 11/780 for storage on magnetic tape and subsequent data analysis using National Bureau of Standards' wafer mapping software [2] . This automated configuration allowed measure-ments to be made within one second after the radiation exposure.
The Eagle LSI-4 tester was programmed to perform both functional (2 MHz) and DC parametric tests. In addition to input leakage current (Iih) tests, a complete electrical characterization was performed after each irradiation. Using similar bias conditions (Vcc=5.0 V, Vin=5.0 V), three packaged devices were exposed to Cobalt 60 and seven to 10 KeV x-rays. Package lids were removed from the 10 KeV samples to reduce any dose enhancement effects. The results of Figure 2 showed that 74F00 devices, exposed to 10 KeV x-rays, survived about two times greater dose when compared to data from those exposed to Cobalt Even with this pattern breakdown, the overall distribution of failure thresholds still fell within (+/-) 30% of their calculated mean. Although not shown graphically, the inversion threshold distributions for the higher doped wafers continued to track the input current failure thresholds. A summary of the radiation data from each wafer is given in Figure 6 .
Histogram analysis (Figure 7(a-d) ( Figure 8 . These plots were generated using the calculated mean with maximum/minimum limits set at (+/-) three times the standard deviation of wafer 2.
For the two wafers tested, the statistical means fell within (+/-) 1% of each other. Histogram plots of the data ( Figure   7(b-c) Figure 9
For all wafers tested, only a single (firstorder) failure mechanism (surface inversion of the channel stop area) was observed. For this failure mechanism, sampling electrically "bad" die gave realistic estimates of the failure threshold.
Statistical sampling techniques were shown to be useful for predicting the radiation response across a wafer. By radiation testing simple input structures, Signetics 74F00 wafers can be pre-screened for most requirements. In addition, wafer-to-wafer variations were found to be minimal for the sample size tested.
A problem in correlating the data taken on a 10 KeV x-ray source versus Cobalt 60 was uncovered. The failure threshold for devices exposed to 10 KeV x-rays was a factor of two greater than the threshold experienced using Cobalt 60.
In spite of this difference, the 
